Of 44 fluorogenic substrates tested for their ability to differentiate species of fecal streptococci, four yielded species-differentiating reactions. The remaining substrates either yielded uniformly positive, negative, or variable strain-dependent reactions. One substrate, 4-methylumbelliferone-a-D-galactoside, was hydrolyzed by Streptococcus bovis and S. faecium and its biotypes. 4-Methylumbelliferone-a-D-galactoside and a colorimetric starch substrate were incorporated into the fecal streptococcal selective medium of Donnelly and Hartman (Appl. Environ. Microbiol. 35:576-581, 1978 The group D streptococci are a diverse aggregation of organisms that are important clinically as well as environmentally (8, 12) . The enterococci are responsible for 10 to 20% of all cases of bacterial endocarditis (26), and treatment for enterococcal endocarditis must be more rigorous than that for viridans streptococcal or Streptococcus bovis endocarditis (8). Recently, S. bovis was associated with colon carcinoma (17). Distributions of group D streptococci in human and animal feces can be used as a basis from which one can determine the source of fecal pollution in sewage and water (2, 25). S. bovis is associated with animal feces, and the presence of large numbers of S. bovis in a water or sewage sample would indicate fecal pollution of animal origin (2). Fecal coliform/fecal streptococcus ratios also are used to indicate the source of fecal contamination (10, 12), but the utility of fecal coliform/fecal streptococcus ratios has been questioned (19, 25) .
The group D streptococci are a diverse aggregation of organisms that are important clinically as well as environmentally (8, 12) . The enterococci are responsible for 10 to 20% of all cases of bacterial endocarditis (26) , and treatment for enterococcal endocarditis must be more rigorous than that for viridans streptococcal or Streptococcus bovis endocarditis (8) . Recently, S. bovis was associated with colon carcinoma (17) . Distributions of group D streptococci in human and animal feces can be used as a basis from which one can determine the source of fecal pollution in sewage and water (2, 25) . S. bovis is associated with animal feces, and the presence of large numbers of S. bovis in a water or sewage sample would indicate fecal pollution of animal origin (2). Fecal coliform/fecal streptococcus ratios also are used to indicate the source of fecal contamination (10, 12) , but the utility of fecal coliform/fecal streptococcus ratios has been questioned (19, 25) .
Of the numerous media and methods for the isolation and enumeration of the group D streptococci (16) , none allows the recovery and differentiation of the enterococcal and nonenterococcal fecal streptococci on a primary isolation medium. The gentamicin-thallous carbonate (GTC) medium developed by Donnelly and Hartman (5) is highly selective, but not differential for the fecal streptococci.
The use offluorogenic substrates has grown as a rapid and simple method for the identification of microorganisms (11, 13, 24, 27) . A fluorogenic substrate consists of a fluorescent fluorophore attached to a substrate molecule. This complex is nonfluorescent until the fluorophore-substrate bond is broken by a cellular enzyme; the free fluorophore then fluoresces. Most fluorogenic assays are based on a reaction profile with both chromogenic aminopeptide and glycoside substrates (13, 24 This report describes studies conducted on a large number of fluorogenic substrates in attempts to identify one or more substrates that might be used to differentiate the fecal streptococci. The development of a selective and differential medium for the fecal streptococci, by incorporating a colorimetric starch substrate plus a fluorogenic substrate, also is described. Ames, 1982) . The substrates were derivatives of 4-methylumbelliferone (4-MeU), 7-amino-4-methylcoumarin, 1B-naphthylamine (p-NA), and 4-methoxy-2-naphthylamine.
The fluorogenic substrates were dissolved in N,Ndimethylformamide. The 4-MeU and 7-amino-4-methylcoumarin substrates were diluted in heart infusion broth to a final concentration of 100 pLg/ml, and ,B-NA and 4-methoxy-2-naphthylamine substrates were diluted to 200 p.g/ml. Media containing the fluorogenic substrates were dispensed, 1.5 ml per 13-mm test tube. The tubes were sterilized at 121°C for 15 min, except for the following substrates, which were sterilized by filtration through a membrane filter (0.22-~Lm pore size) and added to cooled (55°C) medium before being dispensed: 4-MeU-N-acetyl-1-D-glucosaminide, 4-MeU -N-acetyl-D-D-galactosaminide, 4 -MeU -phosphate, and 4-methoxy-2-naphthylamine-y-glutamyl.
Screening assay. A 0.1-ml sample of overnight growth in heart infusion broth was used to inoculate the fluorogenic media. After incubation at 35°C for 18 to KH2PO4, 3 .0 g of amylose azure (Calbiochem) (3), 2.0 g of NaHCO3, 1.0 g of galactose, 0.5 g of thallous acetate, 100 mg of a-D-MUGAL, 0.75 ml of Tween 80 (polyoxyethylene sorbitan monooleate), and 2.5 mg of gentamicin sulfate (Sigma). A gentamicin stock solution (1.0 mg/ml) was prepared in sterile water and stored at 5°C; 2.5 ml was used per liter of medium. All of the constituents, except for the NaHCO3, were sterilized together at 121°C for 15 min. After the medium was cooled to 55°C, 20 ml of 10% NaHCO3 in water (made fresh and pasteurized by boiling) was added to each liter and mixed before plates were poured.
GTC agar was used as a control medium and was prepared as detailed by Donnelly and Hartman (5). The group D streptococci are presumptively identified by their ability to grow and to hydrolyze esculin.
Dilutions of samples in sterile 0.1% peptone water were surface plated in triplicate. After each inoculum was spread with a sterile, bent glass rod, the plates were incubated at 35°C for 18 to 24 h. Colonies were counted with the aid of a Quebec-type colony counter. No attempt was made to differentiate the phenotypic groups on fGTC agar during enumeration.
Isolation and identification procedures. To determine whether the bacteria present on the fGTC and GTC agars were fecal streptococci, at least 10 colonies (3 or 4 of each phenotype on fGTC agar or as many as were available) were picked from the media and streaked on Trypticase soy agar containing the proportions of KH2PO4, galactose, NaHCO3, and Tween 80 as described for fGTC agar and 0.01% 2,3,5-triphenyltetrazolium chloride (sterilized by filtration through a membrane filter (0.22-Lm pore size) and added to cooled, 55°C medium).
To enhance fluorescence before subculture of colonies for biochemical identification, the fGTC agar plates were exposed to concentrated NH30H vapors (4-MeU has maximum fluorescence at alkaline pH values [15] ).ConcentratedNH4OHwasplacedintoapetri plate bottom, and the sample plate was inverted over the NH40H for approximately 3 s. Fluorescence was then detected by exposure of the fGTC plates to longwave UV light. Starch hydrolysis was detected by a clearing of the blue amylose azure around positive colonies.
After incubation for 24 to 36 h at 35°C, several isolated colonies of similar color and morphology were suspended in 1.5 ml of modified Minitek (BBL) inoculum broth (5).
The 
tional biochemical tests were determined at 72 h. The isolates were identified by following the criteria described by Facklam (6), Gross et al. (14) , and Buchanan and Gibbons (1). Identification was based on a spectrum of characteristics (4) rather than a complete adherence to a schema. This allowed identification of atypical, as well as typical, isolates.
RESULTS
Screening of substrates. Of three fluorophores (4-MeU, 7-amino-4-methylcoumarin and P-NA), the coumarin derivatives yielded the strongest fluorescence; the p-NA fluorophore was visible only at a 100-fold higher concentration. The 4-MeU fluorophore exhibited maximum fluorescence at alkaline pH values (15) . To test the effect of pH on the other fluorophores, a few drops of 6 N NaOH was added to a +2 fluorescent tube of each and a control to bring the pH to 10.0. The fluorescence of the 7-amino-4-methylcoumarin and p-NA fluorophores turned a dull green, whereas that of 4-MeU was intensified to +4. No fluorescence was observed in the control tubes.
Of the original 58 substrates obtained, 14 (including the fatty acid derivatives) were unstable under the conditions used. Naphthylamide substrates (P-NA and 4-methoxy-2-naphthylamine) were hydrolyzed by the enterococci, but growth of other streptococci was inhibited by these substrates (Littel, M.S. thesis). From the screening of the remaining 44 substrates, 4 seemed useful to differentiate species (Table 1) . The other substrates either yielded uniformly positive, negative, or variable, strain-dependent reactions. Because the S. faecium, S. durans, and S. casseliflavus control strains are closely related (1, 6) and because all hydrolyzed the same substrates, a group name, S. faecium, will be used hereafter to designate these three biotypes. a-D-MUGAL was uniquely hydrolyzed by strains of S. faecium and S. bovis (Table 1) Modification of GTC medium. The selective nature of gentamicin and thallous acetate and the stimulatory effects of NaHCO3, Tween 80, and KH2PO4, have been described previously (5, 18). The presence of these agents allows the selective isolation of the fecal streptococci (5). The incorporation of amylose azure and a-D-MUGAL allowed the differentiation of the fecal streptococci into three phenotypic groups: starch hydrolysis and fluorescence (S. bovis); (ii) no starch hydrolysis but fluorescence (S. faecium, S. durans, and S. casseliflavus); and (iii) no starch hydrolysis or fluorescence (S. faecalis, S. equinus, S. avium, S. mitis, and S. salivarius). The addition of 0.1% galactose enhanced colony size, numbers and fluorescent intensity (Littel, M.S. thesis). Figure 1 demonstrates the appearance of the three phenotypic groups on fGTC agar. Cultures of S. faecium, S. bovis, and S. faecalis were inoculated onto fGTC agar and incubated at 35°C for 24 h. The white-light photograph (Fig. la) shows the starch-hydrolyzing S. bovis colonies, and the UV photograph (Fig. lb) reveals the fluorescent S. faecium and S. bovis colonies.
Sewage and fecal samples. Sewage, swine, and bovine samples were plated on fGTC and GTC agars. When the mean bacterial counts (data not shown) were subjected to an analysis of variance (21) , no significant differences (P = 0.05) existed between GTC and fGTC agars within sample type. Approximately equal percentages of each species or biotype (or both) were recovered on the two media ( Table 2 ), except that increased recoveries of S. bovis from sewage and S. faecalis from swine feces were obtained on fGTC agar. Also, fewer false-positive isolates were obtained from the sewage and swine samples when plated on fGTC agar than when plated on GTC agar. No S. avium or S. salivarius were isolated from the samples tested. Better than 90% of the isolates were fecal streptococci, except for the sewage samples plated on GTC agar. The false-positive isolates in Table 2 Overall, 86% of the presumptive identifications were confirmed as being correct.
DISCUSSION
Godsey et al. (13) reported that both the fluorophore and assay incubation time may affect substrate reactivity. Results obtained during the present study (Littel, M.S. thesis) demonstrated that differences existed between colorimetric and fluorogenic derivatives in their susceptibility to hydrolysis by bacteria. For example, the enterococci possessed weak Lalanine aminopeptidase activity after 24 h when the colorimetric chromophore p-nitroanilide was used, but strong activity after 24 h when the fluorogenic chromophore 7-amino-4-methylcoumarin was used.
Recently, Facklam et al. (9) described a new presumptive test system for the identification of streptococci. L-Pyrrolidonyl-13-NA hydrolysis is used for presumptive identification of group A and enterococcal streptococci. Our results (data not shown) are in agreement with the data presented by Facklam et al. (9) , except that we observed an inhibitory effect by 1-NA substrates on nonenterococcal streptococci growth.
In previous studies (5, 23), GTC agar was shown to be more selective and sensitive than KF streptococcal, Pfizer selective enterococcus, and thallous acetate agars for the recovery of fecal streptococci from foods, water, and feces. In the present study, fGTC agar was superior to GTC agar for the recovery of fecal streptococci from sewage and fecal samples. fGTC agar was as sensitive as GTC agar; similar percentages of fecal streptococci were isolated (Table 2) . Fewer false-positive isolates were recovered from sewage and swine samples on fGTC agar than on GTC agar. A possible explanation for this may be the replacement of 0.1% glucose in GTC agar with 0.1% galactose in fGTC agar as the carbon source. The major advantage offGTC agar was the incorporation of the fluorogenic substrate, a-D-MUGAL, and colorimetric starch substrate to yield a medium that could differentiate the fecal streptococci into phenotypic groups. The phenotypes (Fig. 1) were easy to differentiate, and 86% of the presumptive identifications were correct. This level of correlation would be satisfactory for most purposes.
A possible use of fGTC agar could be the determination of point-source pollution in surface waters. The percentage of S. bovis in the fecal streptococcal population of a sample could be used to indicate the source of contamination (2, 25). This application is being studied in more detail. fGTC agar also may be useful in the clinical laboratory and for other purposes.
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